Nostalgia is often triggered by feelings-such as sadness, loneliness, or meaninglessness-that are typically associated with withdrawal motivation. Here, we examined whether a trait tendency to experience withdrawal motivation is associated with nostalgia proneness. Past work indicates that baseline right-frontal cortical asymmetry is a neural correlate of withdrawal-related motivation. We therefore hypothesized that higher baseline levels of right-frontal asymmetry would predict increased proneness to nostalgia. We assessed participants' baseline levels of frontal cortical activity using EEG. Results supported the hypothesis and demonstrated that the association between relative rightfrontal asymmetry and increased nostalgia remained significant when controlling for the Big Five personality traits. Overall, these findings indicate that individuals with a stronger dispositional tendency to experience withdrawalrelated motivation are more prone to nostalgia.
Some people prefer not to dwell on the past. Others, however, contemplate the past often. They reflect on meaningful experiences, construct personal narratives, and indulge in nostalgia. This discrepancy raises a question: Why are some people more nostalgic than others? An understanding of the emotional and motivational states that trigger nostalgia may provide a useful starting point for answering this question. Evidence suggests that episodes of nostalgia are triggered by withdrawal-related motivational states (Pierro, Pica, Klein, Kruglanski, & Higgins, 2013; Sedikides et al., 2015; Stephan et al., 2014) . For example, people are more likely to slip into nostalgic reflection when feeling sad than when feeling happy or angry. This reasoning gives rise to the hypothesis, tested here, that individuals who are dispositionally prone to withdrawal motivation will be more nostalgic.
Past work has demonstrated that approach and withdrawal motivation are associated with asymmetries in frontal cortical activity as assessed with EEG. Frontal cortical asymmetry refers to the relative level of neural activity in the left and right prefrontal cortices (Davidson, 1992) . Neural activity is assessed by computing the inverse of alpha activity-a putative metric of cortical inhibitionacross frontal regions and comparing the levels at homologous sites on opposite sides of the scalp (e.g., F8 and F7; Lindsley & Wicke, 1974) . This work has shown that approach motivation is associated with greater relative left-frontal cortical asymmetry, whereas withdrawal motivation is associated with greater relative right-frontal asymmetry (Harmon-Jones & Allen, 1997; Sutton & Davidson, 1997) . Baseline measures of frontal asymmetry provide an indication of dispositional tendencies to experience approach and withdrawal motivation (Tomarken, Davidson, Wheeler, & Kinney, 1992; Wheeler, Davidson, & Tomarken, 1993) . We examined the motivational precursors of nostalgia by testing its relation with baseline frontal cortical asymmetry.
Nostalgia
Contemporary perspectives define nostalgia as an emotion (Sedikides, , and describe it as "a sentimental longing or wistful affection for the past" (The New Oxford Dictionary of English, p. 1266). Although early views characterized nostalgia as pathological (for reviews, see Batcho, 2013; Sedikides, Wildschut, & Baden, 2004; Sedikides et al., 2015) , recent research suggests that such conceptualizations neglect its psychological benefits. For example, nostalgia boosts self-esteem, optimism, and perceptions of psychological growth (Baldwin & Landau, 2014; Cheung et al., 2013; Hepper, Ritchie, Sedikides, & Wildschut, 2012) , increases social connectedness and support (i.e., a sense of acceptance or belongingness; Wildschut, Sedikides, Routledge, Arndt, & Cordaro, 2010; Zhou, Sedikides, Wildschut, & Gao, 2008) , and promotes prosocial behavior (Turner, Wildschut, & Sedikides, 2012; Turner, Wildschut, Sedikides, & Gheorghiu, 2013; Zhou, Wildschut, Sedikides, Shi, & Feng, 2012) . Furthermore, nostalgic engagement is an effective way to reinforce a sense of meaning in life and thereby evade existential threat Routledge et al., 2011; . In all, nostalgic reflection contributes to psychological equanimity Van Dijke, Wildschut, Leunissen, & Sedikides, 2015) .
Nostalgia is regarded as a bittersweet or ambivalent emotion, involving mostly happiness but also a tinge of sadness (Batcho, 2007; Hepper et al., 2012 Hepper et al., , 2014 Wildschut et al., 2006) . For example, individuals are more likely to describe a song as nostalgic when it evokes positive and negative emotions concurrently (Barrett et al., 2010) . When people are given the opportunity to write nostalgic narratives, they report both positive and negative affect, although positive affect predominates (Abeyta, Routledge, Sedikides, & Wildschut, 2014; Wildschut et al., 2006) . Thus, the affective signature of nostalgia is complex, involving mostly positive, but also negative, emotions.
Other studies have investigated the triggers of nostalgia. These findings indicate that nostalgia is often triggered by aversive states, even though the emotion itself is largely positive. In particular, nostalgia is elicited by negative mood (Barrett et al., 2010; Wildschut et al., 2006) , loneliness Zhou et al., 2008) , social exclusion (Seehusen et al., 2013; Wildschut et al., 2010) , boredom (Van Tilburg, Igou, & Sedikides, 2013) , and meaninglessness (Routledge et al., 2011 (Routledge et al., , 2012 . Stephan et al. (2014) proposed that these aversive states are specific instances of withdrawal motivation. They showed that withdrawal motivation (as assessed with the Behavioral Inhibition System [BIS] scale; Carver & White, 1994) was positively associated with nostalgia proneness. Furthermore, an experimental induction of withdrawal motivation increased state nostalgia.
Consistent with these ideas, work on self-regulation suggests an association between withdrawal motivation and nostalgia. Regulatory mode theory proposes two orthogonal modes of self-regulation: assessment and locomotion. Assessment is associated with evaluation and shows conceptual overlap with withdrawal motivation, whereas locomotion is associated with goal progress and shows conceptual overlap with approach motivation (Higgins, Kruglanski, & Pierro, 2003; Kruglanski et al., 2000) . Individuals who are dispositionally higher on assessment and lower on locomotion score higher on nostalgia proneness. Furthermore, when these modes are experimentally manipulated, individuals in assessment mode show higher levels of state nostalgia than those in locomotion mode (Pierro et al., 2013) . To the extent that there are parallels between assessment mode and withdrawal motivation, these findings provide further evidence for a link between withdrawal motivation and nostalgia proneness.
Frontal EEG Asymmetry
If nostalgia is triggered by withdrawal-related motivation, dispositional variation on this dimension should provide an indication of an individual's propensity to engage in nostalgic reverie. One way to assess such dispositional variation is by focusing on frontal cortical asymmetry. Initial research in this area demonstrated that individuals with greater relative left-frontal asymmetry experience more positive affect and less negative affect, and are also less likely to become depressed (Jacobs & Snyder, 1996; Nusslock et al., 2011; Tomarken et al., 1992; Wheeler et al., 1993) . Tests of the reliability of asymmetry scores over time demonstrate that these scores are relatively stable, lending credence to the idea that left frontal asymmetry might be a biological substrate of a positive affective style (Allen, Urry, Hitt, & Coan, 2004; Coan, Allen, & Harmon-Jones, 2001; Tomarken et al., 1992; Wheeler et al., 1993) .
More recently, the motivational direction model has added nuance to these initial findings, and has implicated left-frontal asymmetry in approach motivation and right-frontal asymmetry in withdrawal motivation (Davidson, 1995; Harmon-Jones, 2004; Harmon-Jones, Gable, & Peterson, 2010; van Honk & Schutter, 2006) . Approach motivation prompts individuals to pursue desired goals and rewards, whereas withdrawal motivation ensures that they evade punishment and threat (Gray & McNaughton, 2000; Sutton & Davidson, 1997) . Left-frontal asymmetry is linked with emotions such as happiness and anger that promote approach behaviors (Coan et al., 2001; Davidson, Schaffer, & Saron, 1985; Harmon-Jones & Allen, 1998) . Meanwhile, right-frontal asymmetry is associated with emotions such as sadness, fear, and disgust that facilitate withdrawal behaviors (Coan et al., 2001; Dawson, Panagiotides, Klinger, & Hill, 1992) . Although the evidence linking frontal EEG asymmetry and motivational style is not without inconsistencies (Hewig, Hagemann, Seifert, Naumann, & Bartussek, 2004 , frontal EEG asymmetry has more established construct validity than any other psychophysiological measure of motivational style (Allen, 2004) .
The evidence that nostalgia is often elicited by withdrawalrelated feelings, such as sadness, loneliness, and meaninglessness, suggests that individuals who feel these emotions more often might be more prone to nostalgia (Barrett et al., 2010; Stephan et al., 2014; Wildschut et al., 2006) . A similar account has been proposed for findings linking right-frontal asymmetry and empathic concern (Tullett, Harmon-Jones, & Inzlicht, 2012) . In particular, susceptibility to sadness and distress can increase the degree to which individuals engage in the ambivalent process of empathizing. Given that relative right-frontal asymmetry provides an indication of trait withdrawal motivation, observing an association between this neural measure and nostalgia proneness would provide support for the theoretical account that nostalgia is triggered by withdrawal motivation. To test this idea, we examined the association between baseline frontal EEG asymmetry and two trait measures assessing the tendency to engage in nostalgia.
In addition, we assessed the Big Five personality traits (Costa & McCrae, 1992; Goldberg, 1981) . The Big Five has been found to provide a relatively comprehensive account of human personality, and as such it explains a large amount of variation in traits across people (John & Srivastava, 1999) . For this reason, from an exploratory standpoint we considered it important to include this measure in order to find out whether any observed relation between frontal cortical asymmetry and nostalgia could be explained by basic personality traits. Broadly, two potential results could be informative. First, if Big Five traits accounted for the association, this finding could shed light on the nature of the relation. Alternatively, if the association were independent of the Big Five, this finding would suggest that the construct underlying the association is distinct from these dimensions of personality.
Method
We report how we determined our sample size, all data exclusions, and all manipulations. We present all measures within the text or in Footnote 2.
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Participants
We recruited 69 University of Toronto Scarborough undergraduate students who took part for course credit. We excluded 13 participants prior to data analysis, because they did not complete the nostalgia measures (n 5 4) or because of excessive numbers of artifacts (n 5 9).
1 Thus, we analyzed data for 56 participants (32 females; M age 5 19.84 years, SD age 5 3.79). We decided a priori to collect data until the end of the semester provided we had at least 60 participants.
Procedure
To begin, participants were fitted with an EEG cap. Baseline EEG was recorded while participants sat still with their eyes alternately open and closed for four blocks of 30 s each. Participants then completed three go/no-go tasks that were not relevant to the present research. Next, they responded to a series of questionnaires and demographic items including the Nostalgia Inventory (NI; Batcho, 1995) , the Southampton Nostalgia Scale (SNS; Barrett et al., 2010; Routledge et al., 2008) , and the Big Five Inventory (BFI; John, Naumann, & Soto, 2008; John & Srivastava, 1999) .
2 Debriefing concluded the experimental session.
Self-Report Measures
NI. The NI is an 18-item scale that measures degree of nostalgia toward various aspects of one's past (a 5 .76). Participants are instructed to indicate the degree of nostalgia they feel toward a list of items (e.g., "music," "someone you loved," "the way people were") using a 5-point scale (1 5 not at all nostalgic, 5 5 very nostalgic). The NI has strong test-retest reliability (r 5 .84), supporting its use as a measure of trait proneness to nostalgia (Batcho, 1995) . Individuals who score higher on the NI perceive the past more favorably relative to those who score lower (Batcho, 1995) .
SNS.
The SNS is a 7-item scale that measures subjective importance and frequency of nostalgic engagement (a 5 .91). Participants respond to questions such as "How valuable is nostalgia for you?" and "How often do you experience nostalgia?" (1 5 not at all or very rarely, 7 5 very much or very frequently). Past work has demonstrated that the SNS has high internal consistency and predicts the degree to which emotional cues, such as music, elicit nostalgic recollections (Barrett et al., 2010; Routledge et al., 2008) .
BFI. The BFI is a 48-item scale that measures the Big Five traits: extraversion (a 5 .83), agreeableness (a 5 .76), conscientiousness (a 5 .72), neuroticism (a 5 .81), and openness to experience (a 5 .65). Participants respond to items on a 5-point scale (1 5 strongly disagree, 5 5 strongly agree). A review of previous research using the BFI notes that the internal reliabilities of the subscales are typically around .80, with test-retest reliabilities around .85 (John & Srivastava, 1999) . The BFI has high convergent and divergent validity with other Big Five instruments and peer ratings (John & Srivastava, 1999) .
EEG Recording and Processing
We recorded EEG with a stretch Lycra cap containing 32 tin electrodes. As a reference, we used a digital average of all electrodes. Data were acquired from electrodes Fp1, Fpz, Fp2, FCz, F7, F3, Fz, F4, F8, FT7, FC3, FC4, FT8, T3, C3, Cz, C4, T4, TP7, CP3, CP4, TP8, T5, P3, Pz, P4, T6, CPz, O1, Oz, and O2. Electrode impedances were below 10 kX. Vertical eye movements were recorded to facilitate artifact identification. Recordings were digitized at 1,024 Hz using ASA acquisition software (Advanced Neuro Technology, Enschede, The Netherlands). We analyzed the data offline using BrainVision Analyzer software (Brain Products, Gilching, Germany). First, we rereferenced EEG to the average of both earlobes, and then we digitally filtered it between .01 and 15 Hz, and corrected for vertical electrooculogram artifacts (Gratton, Coles, & Donchin, 1983) . We detected and rejected artifacts with an automatic procedure that used the following criteria: a voltage step of more than 25 lV between sample points, a voltage difference of 150 lV within 150-ms intervals, voltages above 85 lV and below -85 lV, and a maximum voltage difference of less than 0.50 lV within 100-ms intervals. We rejected such intervals from individual channels. We extracted artifact-free 2-s epochs through a Hamming window (75% overlap) and submitted to fast Fourier transform. We averaged alpha power (8-12 Hz) at each electrode across the 2 min of baseline recording, then log-transformed these values and calculated asymmetry scores by subtracting left-from right-sided alpha at homologous sites. We took asymmetry scores at F8F7 and F4F3 as indices of frontal asymmetry, and we used scores at FC4FC3, CP4CP3, and P4P3 as nonfrontal control values. Given that alpha power is inversely related to cortical activity (Lindsley & Wicke, 1974) , higher values on our difference score indicate greater relative left hemisphere activity. Thus, negative correlations will indicate a positive relation between relative rightfrontal asymmetry and the variable of interest.
Results
To examine the relation between cortical EEG asymmetry and nostalgia, we ran a series of correlations (Table 1) . As in previous research Stephan et al., 2014; Zhou et al., 2008) , the two nostalgia scales were significantly correlated, r(54) 5 .53, p < .001. This correlation is similar to that observed in other studies (e.g., r 5 .40; Routledge et al., 2008) and indicates a relatively strong relation between the two scales, despite distinct ways of assessing individual differences in nostalgia proneness. We therefore created a composite nostalgia index by standardizing 1. The somewhat high number of participants excluded due to poor EEG recording quality was attributed to the recording amplifier experiencing technical difficulties. These exclusions were made a priori (i.e., before data analysis).
2. Participants also completed the need for structure scale, the free will and determinism scale, and the uncertainty response scale, as well as questions assessing their beliefs about God, beliefs about the government, ethnicity, religious affiliation, years speaking English, and years lived in Canada. We do not discuss these measures, because they are irrelevant to the purposes of this study.
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each scale and then averaging them (a 5 .89, using Nunnally & Bernstein's, 1994 , formula for the reliability of linear combinations of scales). In addition to analyzing the two nostalgia measures independently, we report results for this composite index ( Table 2) . As hypothesized, we found that asymmetry at F8F7 was negatively correlated with scores on the NI, r (54) (Figure 1) . Asymmetry scores at F4F3 were not significantly correlated with scores on any of the nostalgia measures, rs < j.15j, ps > .4. Nevertheless, the correlations at F4F3 are in the same direction as those at F8F7, and a composite score combining F8F7 and F4F3 is significantly correlated with the composite nostalgia index, r(54) 5 2.27, p 5 .047, 95% CI [2.50, .00] If the relation between EEG asymmetry and nostalgia were specific to frontal regions, we would not expect to find significant correlations between nostalgia scores and electrodes in central or parietal areas. Consistent with this expectation, asymmetry scores at FP4FP3, CP4CP3, and P4P3 were not significantly correlated with any of the nostalgia measures, rs < j.15j, ps > .3 (Figure 2 ). These results suggest that at F8F7 sites greater relative right-frontal asymmetry is associated with higher scores on both measures of nostalgia as well as the composite index. Furthermore, the results are specific to frontal regions.
To test whether the relation between nostalgia and asymmetry scores at F8F7 is accounted for by overlap with Big Five traits, we ran a series of partial correlations (Table 3 ). Partial correlations revealed that the relations between frontal EEG asymmetry and the nostalgia measures were largely unaffected by controlling for any of the Big Five traits. When we controlled for all the Big Five simultaneously, the relation between asymmetry at F8F7 and the NI was no longer statistically significant, r (49) 5 
Note. E 5 extraversion, A 5 agreeableness, C 5 conscientiousness, N 5 neuroticism, O 5 openness to experience. **p < .01. *p < .05. † p < .1.
Frontal cortical asymmetry and nostalgiaasymmetry at F8F7 and the composite nostalgia index, r(49) 5 -.30, p 5 .034, 95% CI [-.53, -.03].
Discussion
Participants who showed greater relative right-frontal EEG asymmetry, a pattern of neural activity indicative of dispositional withdrawal-related motivation, were more prone to nostalgia. Given prior evidence that nostalgia is often triggered by withdrawal-related emotions (Pierro et al., 2013; Sedikides et al., 2015; Stephan et al., 2014) , our results are consistent with a process in which individuals with greater relative right-frontal activity are more likely to experience these emotions, and thus are more likely to engage in nostalgia. For instance, these individuals might be more prone to feelings of loneliness or sadness, and might have more nostalgic recollections as a result. Our findings, which specifically address trait nostalgia, raise several questions about the relation between state measures of nostalgia and cortical asymmetry. Although the triggers of nostalgia that have been identified are consistently associated with withdrawal motivation, the experience of nostalgia often involves approach-related emotions such as joy (Stephan et al., 2014; Wildschut et al., 2006) . For this reason, one might expect state nostalgia to be correlated with relative left frontal asymmetry, consistent with the idea that nostalgia serves to shift people into a more approach-oriented state. This question of whether nostalgia may function to offset withdrawal motivation by fostering approach motivation and increasing relative right frontal cortical asymmetry is an important question for future research.
The findings reported here build on previous research suggesting a positive side to dispositional relative right-frontal asymmetry (Eslinger et al., 2007; Shamay-Tsoory, Tomer, Berger, Goldsher, & Aharon-Peretz, 2005; Tullett et al., 2012) . Baseline levels of right-frontal asymmetry are associated with a propensity to engage in nostalgia and empathy, both of which are linked to beneficial outcomes (Eisenberg & Miller, 1987; Sedikides et al., 2015; Zhou et al., 2012) . Thus, although greater relative right-frontal asymmetry is associated with depression and negative affect, it may sometimes be associated with positive emotional experiences. This may be particularly so for emotional states, such as empathic concern and nostalgia, which have a "bittersweet" affective signature (Barrett et al., 2010; Wildschut et al., 2006) .
One alternative interpretation of our findings is that negative emotions, rather than withdrawal-related emotions, account for the relation between relative right-frontal asymmetry and nostalgia. Although our results cannot rule out this possibility, we think that withdrawal-related emotions provide a more plausible mechanism than negative emotions. Relative right-frontal asymmetry is not categorically associated with all negative emotions; for instance, anger is a negative emotion that is linked with relative left-frontal asymmetry (Harmon-Jones & Allen, 1998) . Thus, the category of "negative emotions" includes emotions-like anger-that are unlikely to explain our findings. Nevertheless, there may be withdrawal-related emotions (perhaps negatively valenced ones) that help to account for this relation. Future research may help to clarify the specific emotional states that account for this association.
Another model of asymmetrical frontal cortical activation that should be considered in interpreting our results is the hemispheric encoding/retrieval asymmetry model (Habib, Nyberg, & Tulving, 2003) . This model posits that the left prefrontal cortex is more involved than the right prefrontal cortex in episodic memory encoding, whereas the opposite pattern is found for episodic memory retrieval. These findings have been obtained by measuring state neural activity during encoding and retrieval tasks, and thus little is known about how resting or trait patterns of asymmetrical frontal cortical activation, like those measured here, might predict individual differences in encoding and retrieval. Nevertheless, the obvious connections between episodic memory retrieval and nostalgia suggest this may be a productive direction for future investigations.
The positive association between relative right-frontal asymmetry and nostalgia was statistically significant at F8F7 electrode sites, but not at F4F3 sites. Previous research on frontal EEG asymmetry has often examined both regions, with some studies finding them to be similarly related to other variables (e.g., Coan & Allen, 2003) and others studies finding them to be differentially related to other variables (e.g., Jacobs & Snyder, 1996) . In a meta-analysis on depression, anxiety, and frontal EEG asymmetry, F4F3 and F8F7 sites showed minimal overlap in their relations to various affect and mood measures (Thibodeau, Jorgenson, & Kim, 2006) . Here, although the magnitudes of the correlation coefficients appear different, the correlations between the nostalgia measures and F8F7 are not significantly higher than those with F4F3, ts(53) < 1.5, ps > .2. Further research is needed to clarify whether there is a dissociation between F8F7 and F4F3 regions in predicting nostalgia.
We also tested whether the relation between frontal EEG asymmetry and nostalgia is accounted for by overlap between these measures and basic personality traits. Our results suggest that this is not the case, as the relations between F8F7 asymmetry scores and nostalgia measures were largely unaffected by controlling for any of the Big Five traits individually. One trait that warrants specific attention is neuroticism, which has been conceptually and empirically linked with withdrawal motivation (Gray, 1981; Zelenski & Larsen, 1999) . Given that neuroticism and withdrawal motivation are related but distinct, we anticipated that neuroticism would not be able to fully account for the relation between frontal asymmetry and nostalgia. Nevertheless, we would expect that neuroticism would show at least weak correlations with relative right-frontal asymmetry and nostalgia. Indeed, we find that the relation between neuroticism and nostalgia in our sample is significant, r(54) 5 .28, p 5 .04, and the relation between neuroticism and F8F7 asymmetry is in the predicted direction, r(54) 5 2.16, p 5 .26, albeit not significant. These associations converge with previous work demonstrating an association between nostalgia and BIS (Stephan et al., 2014) and are consistent with our conclusion that individuals with a stronger dispositional tendency to experience withdrawal motivation are more prone to nostalgia. 
Conclusion
Our results demonstrate a link between baseline right frontal EEG asymmetry and nostalgia. Foundational research on asymmetrical cortical activity has implicated right-frontal asymmetry in withdrawal-related affect and depression (Jacobs & Snyder, 1996; Nusslock et al., 2011; Tomarken et al., 1992; Wheeler et al., 1993) . Intriguingly, the findings suggest that this increased susceptibility to sadness and distress may facilitate nostalgia, an emotion associated predominantly with joy. Past work linking right-frontal asymmetry with empathic concern identified sadness as a mediator, suggesting that an increased propensity or willingness to experience sadness might enhance the degree to which an individual reflects on the sadness of others (Tullett et al., 2012) . Our findings are consistent with this line of reasoning. Individuals who are more prone to withdrawal-related motivation are more likely to reflect on past experiences, thus risking a wistful sentiment but also generating social connectedness, empathy, and meaning in the process.
